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There are a great number of experi~ental papers re3.at-

ing to this question. It my be useful to recall’tkm.

lst. An Mglish document @.P.L. Report No.1O2, March,

1914) summarizes all the experiments made up to that date

at the N.P.L. m cylinders and smooth piano-mires. These 9

experiments were zade on mires of various di.azzeters,frm

0.05 EIL.to 31.75?m. The velocity of the airstrear;var-

ied frm 3 m:sec. to 15.25 m:sec. The ense~ble of the re–

suits found were represented graphically as follows:

The quotient _&.-. was laid off as an or~inate, and .
pV2 ~2

Log. V& as an abscissa. F is t2e resistance of a length
“v

of cylinder.equal to t-hedismeter; 9 is tke specific mass

of the air (0.125 at 15° -d 7&q L-l.); ~ is t-hekinetic

coefficient of vigcosity. (For air at 150 and ’760LG.:
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may reuark that F = K“dv ‘calling K the coef- .

usually employed ~n France to express the ‘mit re-

sistance referred

We have thus

to the diametrical s-~rface,

K Fi
/PV2d2)

(.-I__) 0.125.
(py2,32;

We have reproduced the curve

F vii—.—
~rzdz ;

in more usual notations.

The coefficient K is laid off in rmd.inates(Fig. 1)

and Log Vd or Vd in abscissas (on a Iogarittiic scale).

The curve given by the English Report constitutes a

scientific document of great importance, since it confirms

the law of dynamic similitude for valuss of ‘~ within

Fide limits.
...

2nd. An English report (N.P.L. RePort iJo.10S,0-to–

ber 1914) gives tne pressures on a cylinder of 50.C ma.

di~eter for a length of 0.457 (9 di=eters) and for an

infir.itelengtl., The experiments were made at a speed

of 9.15 m:sec.

The results obtained are shown on Fig. 2.

The maximum pressure ,forwardis such that ~ = 0.GG25.~2

The angle of passage from the zone of pressue to the

zone of depression is abcut 72C for the cylinder of infir--

ite length and abcut ??’”for the cylinder whose length is

equal to 9 diaaeters.
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Also, the ffepressionsa~e greater with the cylinder of

infinite length th~ with the cylinder of finite length.

Calculating the coefficient K as stated. we find

the following results:

Cylinder D = 50.8 ~.; L = 457 mm-; K = ~*043 for Vd =.o-~64

Cylinder D = 50.3 w.; L = @ ;K = C.M7 for Vd= 0.464
,

It has moreover been verified, by direct measurement

with a balance, that the total resistance’on a portion of

the tube of infinite len@h also gives K = 0.06?.

This proves that the resistance due to friction on the

surface of the cylinder is negligible or is of the order

of magnitude of

If we also

limited length,

errors made in experiments (0.5$%).

measure the total force on the cylinder of

w find K = 0.05.

This proves that the distribution of pressure is not

the same -inall the diametral sections of the limited cyl–

inder and that the forces of friction on t~ terminal sur.

faces are not negligible. .

Point K = 0.067 for Vd = 0.M.4 is placed below the

curve previously given.

3rd. An English rep~rt (N.P.L. Report No.191, Karch,

1916) describes experiments similar to those given above,

made on a cylinder of 152 mm. in diameter (length not given

in the Report}.

~oremer, the English author considers that the diam-

eter of the cylinder v~s too large to allow of its being put

.
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measuring 1.23 m. sidewise. He consid=rs that

found have merely a qualitative value.

These results are given in Fig. 3.

For speeds of 6.G96 and “9.145m:see., the curves ~%-
Tv~d

coincide.

It is not the same tor the speeds of 12.192 and 16.?5

m:sec.

The author considers that he has found a change of

unit resistance sinilar to that noted for spheres at cer-

tain values of Vd.

Calculating the coefficient K, m. find:

For V . 6 to 9.14 m:sec.;

For v = 12.192 A:Sec.;

For V = 16.75”m:sec. ;

~t~* We nay further

and Thurston (East London

K= 0.0573 that is for Vd = 0.9 to
1.37

K= 0.0512 “ “ “ “ = 1.84

K = 0.033 “ “ i “ = -2.54

mention the experiments of Morris

College Laboratory) on cylin~-ical

bars of various diameters. (The Aeronautical Journal, No.

58, April, 1911).

The results found are given in the follo~i~ Takle:

d v Vd E d v Vd K

30.8 8.95 0.455 0.05525 21.7 8.95 0.195 0.07080

44.5 “ 0.400 5.05750 21.6 n 0.193 0.0690

38.1 “ 0.340’ 0.06270 13.5 ‘( 0.121 0.0668

31.8 ‘t 0.285 0.06715 10.4 “ 0.093 0.0658

24.8 “ ().&y&!3 0.07000 7,8 1: 0-070 0.0603

These points are aiso shown on Graph Fig. 1 and define
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a curve marked (LT) which at first accords with the curve

A for values of Vd less than C-2. For Vd > 0.2, the re-

sults obtained by these experimenters show a fairly rapid

decrease of the coefficient K with Vd.

5th. (a) STANTON’S EXPERIMENTS (ESst London Ccllege

Laboratory). W a tire 1.66 mm. in’diameter and 41C mm.

long, the following results were found:

K= 0.062 for V = 4.E m:sec., that is Vd = 0.0074
.

K= 0.0-1 for V = 5:3 m:sec., that is Vd = 0.0085.

These points are marked (S 1.6) on Graph Fig. 1. They

accord fairly well wit-hEiffel~s results on a wire of 1 mm.,

but they do not accord with the”curve A ~ich, for Vd

comprised between 0.01 and 0.005, rises again to K = 0.08.

(b) Dr. PRANDTL’S EXPERIMENTS (C%ttingen Labora-

tory). The results found on a poiished wire 4.3 mm. in

diameter are given in the following Table:

d v Vd K

4.3 4.63 0.0186 0.0601

4.3 8.00 0.0322 c).C593

4.3 9.65 0.0390 0.0605

These results agree fairly well with those of the

Eiffel Laboratory and do not notably deviate from Ourve A.

In the same G&ttingen Laboratory, F~ppl, having stud-

ied t-heresistance of the air on wires from 0.05 mm. to

30 mm. in diameter for speeds going from 4.6 to 9.6 m. per

second, found that, practically, the variation of K with

Vd may be represented by the relation
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K= 0.oa2 - 1.74 Vd for 0.C31 < Vd = 0.025

and

F~pplIS

Lastly,

20, 1917) we

G&tingen on

speeds up to

~_ _ 0.066 fO~ Vd > 0.015

law is also shown on Graph Fig. 1 in (Fe).

in the IITechnische:BerichteJ’(Table 111, Dec.

find the results obtained during the War at

a round strut 100 rim.in diameter, tested at

40 m:sec.

These results are marked (Mu) on Graph Fig. 1.
\

~~ _ M. EIFFELtS EXPERIMENTS.

In his Volume ~’TheResistance of the Air and Aviation”

(experimentsmade in the Champ de Mars Laboratory in 1911),

M. Eiffel’gives the following results:

Cylinder D = 150 wm.; L = 600 nm. (4 diameters), K = o~o~

Cylinder D = 30 mm.; L = 1000 mm. (33 “ ), K = 0.060

Wire D = 2.75 win.;L = 500 mm. K = 0.063

For speeds going from 5 m:sec. to 2G m:sec.

In the volume ‘INe-wResearches on the Resistance of the

Air and Aviationn (experiments at the Auteui~ Labora~ory~

1914), M. Eiffel gives the following results. For
v .24m

Wires, 1 mm. L = 600 znm.(~varies withV) K me= = 0.0605

n 1.5 mm. L = 500 mm.. n K mean = 0.0610

n ~2 mm. = 600 mm. 11 Kmean = 0.0585

n 2.5 rm. L = 600 mm. 11 K mean = 0.0585

Bringing these various coefficients to the speed of
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24 m:sec., we find the corresponding values of Vd. Cn

Fig. 1 we have laid off the points thus obtained, and also

those relating to tkm wire of 1 mm. diameter for va~ious

spee6s.

The former practically accord with the English curve.

Not so the points relating to the wire of 1 mm. diameter.

These give a curve quite different from the English curve,

especially at low values of Vd (Curve El).

Finally, ‘.=have still the tests on cylinders of VERY

LIMITED length. Of these w retain only the results re-

lating to a cylinder D = 150 mm., L = 225 mm. (1.5 d].

Tlneseresults are also laid off on Graph Fig. 1.

In experiments made in 1918, M. Eiffel fcund.very int-

eresting results which clearly show that, on cylinders of

large fineness ratio the coefficient K decreases rap-

idly for values higher than Vd = 1.

His experiments

for speeds comprised

D = 0.196

D = o.~~~

D = o.lo!5

D - 0.0s75

D – 0.0485

were made on the following cylinders

between 14 m:sec. and 30 m:seo.

L = 1.50 += 7.51

L = 1.50 ~ = 10.27

L = 0.735 ~= 7.00
D .

L = 1.50 *= 15.4

L= 1.50 L/D = 32.
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.

The results obtakaed are shown on Graph Fig. 4 and ths

mean curve is plotted on Fig. 1.

??eobserve:

1st ● That the coefficient K dediicedfrom our neas–

“1’4urements of pressure on the cylinaer —
250’

that tS ~, = 18

(point marked @ , Saint-Cyr, 14-250) is in perfect ac-

cord ti’ththe latest results of M. Eiffei.

2nd. That the values of the coefficient K deduced “

from the English measurements on a cylinder 152 mm. in

diameter are also in agreement with M. Eiffelts results.

The opinion of the English author as to tke existence of

a critical zone beyond Vd s 1 is thus confirmed;

3rd. Beyond the critical zone (say for Vd c 3.5),

the fineness ratio # seems no longer to have an appreci-

able influence on the value of the coefficient K, since “

we have practically the same value K = G.G2 for fineness

ratios going fxom 1.5 to 10.

4til. The G&tingen experiments have also proved the

existence of a critical zone but the curve is plo-tteci

parallel to Eiffel’s curve at a distance (Log Vd = 0.2). ~

It remains to fZnd the cause of this divergence by an

analysis of the experimental conditions. 1% may well be

due to the degree of turbulence of the artificial airstreaus

utilized for these tests.
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CONCLUSIONS.

L? bringing together these dccuraentsconcerning ex-

periments made oc cylinders, our only aim has been to show

the lack of consistency between the various results pub-

lishedup to date. It is, moreover, necessary tc make a

xaorethorough study of tilequestion by examining in detail

the experimental conditions relating to each result and

eliminating those experiments which are not strictly com-

parable (for instance, ex~eriiientson cylinders of lim-

ited length).

It is to this idea of the coordination of-ihe various#

experimental results that the aerodynamical la-~oratories

should turn their atiention. The Laws of Aerodynamics

can only be established on a scientific basis on”condition

of having one sole experimental law governing simple cases

such as those O: cylinders.
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